The eff ect of environmental factors on woo'd ~haracteristics
1V. Irrigation and partial droughting of Pinus radiata
By J. W. P. NICHOLLS
l) and H. D. WARING
2,
(Received November 1976lJuly 1977)

Introduction
In a previous study the effect of supplementary water on
the wood characteristics of Pinus radiata D. DON was reported (NICHOLLS 1971a).The study material was grown near
Adelaide, South Australia, where trees may be expected to
be under some moisture stress during summer. Supplementary water was applied a t the rate of 25 mm per week during summer and early autumn. The relief of water stress
during the driest months of the year resulted in sizeable improvements in stem diameter increment and an increase in
the proportion of thick walled cells associated with summer
and autumnal growth.
An experiment was established a t Canberra in 1954 in a
nine-year-old stand of P. radiata (planted in 1945) as part
of a n investigation into suspected drought dieback (autumn
brown top). Treatments applied were partial drought, normal precipitation and irrigation. Aspects of this study dealing with soil-water relationships and mortality due to summer drought have been reported (WARING
1971; WARING, in
press).
Too little information is available on the influence of soil
water on w m d characteristics. In the present Paper, data
are presented following the examination of wood specimens from the Canberra experiment. These are of interest
not only to complement the previous investigation with respect to the effect of supplementary watering but also because of the information provided by the partial droughting treatment.

Experimental Procedures
The study site was located in the Green Hills plantation
5 km west of Canberra. The site was previously covered
with native grasses dominated by Stipa and Danthonia species and is situated about 3 km west of the Yarralumla Meteorological Station which provided the following data:
Elevation
Mean annual rainfall
Mean anual evaporation
Extremes of rainfall
Mean Maximum temperature

W)

550
645
1225
306
1100
27.8
27.2
19.3
22.5
25.8

m
mm (of uniform distribution)
mm
mm 1944
mm 1950
January
February
October
November
December

When the experiment was established the stand was
growing vigorously and about to close canopy. The experimental plots were located on a moderate slope t o ensure
surface drainage. Each plot measured approximately 9.8 X
14.6 m, enclosing 24 to 28 trees a t a nominal 2.4 m spacing.
Three replications of three treatments were established
using a latin square design:
(a) partially droughted, in which rainfall was prevented from reaching the ground directly
(b) controls which received normal rainfall, and
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(C) irrigated, which reeeived the equivah:t of 12.5
mm of water each week throughout t h e year in
addition to normal rainfall.
The partial droughting was achieved by constructing sloping platforms over the plots and covering them with bituminous sheeting. Rubber collars sealed the sheeting around
the tree trunks and prevented stem flow from reaching the
ground. Trenches about 45 cm deep were maintained around
the platformjs to sever surface roots, and water intercepted
by the sheeting was directed away from the plots by meta1
gutters. The treatmelnt became effective in October 1955.
On the irrigated plots, trenches about 30 Cm deep were
dug between the rows and maintained so as to contain about 1800 litres of water per plot.
Soil moisture cycles were followed by gravimetric analyses a t 8 profile depths during 1956 and 1957. Results showed that the soil profile retained 18 cm of water a t field capacity to a depth of 130 cm but only 12 cm of this was held
as available moisture a t tensions less than wilting point.
Soils under the partial droughting treatment were maintained consistently near wilting point for thc period whereas the controls accurately reflected variations in precipitation and were occasionally saturated.
During 1957 the living basal area on partially droughted
plots stabilised at about 4 sq m per ha. Basal area on control plots rolse to about 6 sq m per ha by 1960 and continued
to fluctuate around that level. Irrigated plots achieved 10
sq m per ha and were still increasing when irrigation ceased in 1966. WARING
(1971) attributed these consistent
growth differences to variations in water availability.
Glasshouse experiments using surface soil ((0-7,5 cm)
show that Pinus radiata seedlings respond to additions of
nitrogen and phosphorus (Snowdon * unpublisheld) and
analysis indicates that the surface horizon is a sandy loam
of medium to low fertility..
Although irrigation was discontinued in June 1966, t h e
droughting platforms were not rcmoved but were not kept
in repair. The sealing around the trees broke down progressively thus allowing stem flow (but usually not throughfall)
to relieve a part of the water stress in slome trees.
From each replication of each of the three treatments
four trees were chosen to represeint four diameter classes
covering the range of diameter classes in the stand, that is
36 treeis were sampled in all.
In August 1971, the 36 trees were sampled by the method
of BROWN
(1958) to provide wood specimens approximately
50 mm square extending from bark to bark and including
the pith. Specimens were taken a t a nominal brelast height
and individual sampling heights were adjusted so that as
far as possible specimens showeld 21 complete growth rings.
Specimens were located between branch whorls, and where
necessary, a t right angles to the direction of stem lean a t
the point of sampling. Before removal from the tree, the
ends of each specimen were markeld to show the direction
of the tree axis. Specimens were wrapped in pla,stic and
stored in a refrigerator pending examination.
Determinations of spiral grain angle and the collection
of densitometric data were carried out according to techni-

